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SU41,IARY

rhis research examines the phenomenon of internal attention shifting;

that is, paying attention to different places in the visual field Aithout

changing the direction that the eyes are pointing. Recently, some W.".

researchers have suggested that sequences of internal attention shifts may

be a necessdry part of visual perception. This seems to require ttlat

attention be shifted very rapidly, since a complex scene can oftlen be seen

with only brief presentation. The purpose of the experiments in this

report was to find out how fast such attention snifts are. The results

indicated that it is possible to shift attention from one visual location

to another in less than 68 milliseconds, but that vision continues to

improve for 120-150 milliseconds after a cue to shift attention.

Furthernore, it was shown that attention increases the rate at which

information is extracted from a stimulus. Thus, internal attention shifts

are fast enough to be used in normal visual perception. They may also be

a component of skilled performance in vision-dependent tasks. .
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PREFA[.E

This basic research WaS pertoriwi in su iw o! .r Lru,jral
objectives of the Air Force Office ot 5citntiti. . . , >(J'k 4U. : .i
Perceptual and Cognitive Dimensions t H , - tuni tor tkke
research were provided by Contra(. t 4o, 3jol. i -ho to t , ni ver. t,
of Dayton Research Institute from ti 6d i; t nj ol vi sian ut tii,,
Air Force Human Resources Lanoratorj. I tiii r D,. ai ou l j 3. :
Geri, Julie Lindholm, and Elizabeth Wrti n f " c vdltji ,AI)efnts,
and Chris Vol tz for his assi stanc,- 1 r t td ru :1,v v t.
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HOW QUICKLY CAN ATTENTION AFFECT FORMI PERCEPTION? 'N'

I. INTRODUCTION,

A variety of expericients have shown that one can attend to different
locations in the visual field without changing fixation. Such a change in
attended location will be referred to as an "internal attention shift.'
Internal attention shifts result in increased speed and accuracy of
responses to a stiiiulus presented at or near the new attended location
(Bashinski & Bachrach, 1980; Posner, 1980). Both detection and dis-
crimination perforiiance are enihanced (EriKsen iv Hoffnan, 19/2a, :97zo,
1973; Remington, 1980).

Are internal attention shifts a laboratory curiosity, or a lecessary
part of vision? Treisman and her colleagues (Treisman & Gelade, 1930;
Treisman & Paterson, 1984; Treisman & Scinidt, 1962) have argued thiat
attention shifts are used to conjoin visual features into the percept of a
unified object at a specific location. Further, Ull Tan (1964) rids
suggested that attention shifts are essential for correctly perceiving the "-
extent of visual boundaries and the spatial relationships acing them. For
example, the process of deciding whether or not two points fall on the
same boundary might require that the boundary be "trdced" froo onc point
to the other using attention snifts.

These and other ideas about the role of iiternal attention shifts in
constructing the visual percept share at least one common assumption:
that changes in the visual location being attended can be ;;iade very
rapidly. It is, after all, possible to see many of the objects in a
visual scene, with their features correctly conjoined, after brief
tachistoscopic presentations (e.g., Biederman, 1972). This could require
numerous attention shifts during a half-second viewing. Does the focus uf
attention really change that quickly?

Studies of internal attention shifts have shown that, ulder some
conditions, the effects of a sift can be measured 50 milliseconds after
the onset of a cue indicating the location of the target (C ol1gite,
huftilita,, & Lrikse,, 19/3; Eriksen & Hoffman, 197U, 197,; Posner, 1980;
Posner & chen, 1984). Bergen and Julesz (1983), usiij a parddigml thcat

did not involve location cuing, also inferred an attention soift latency
of about 5J milliseconus. In other instances, ,owever, effects dIii not
appear until several hundred ci1liseconds later (Posier, 19U; Remington,
1980; Romington & Pierce, 1984- Sperlinq & Reeves, lsc)

In experiments that showed evi ence for rapid attention effects, the
cue to shift attention was usually a sti;,iulas located near ,the targ et.
This kind of cue will be referred to as a "trget-area cue, to disti SLii A .

it from a foveal cue, which is presented at fixajti on. A typical tov. il

cue is an arrow that points to the target area. Studies using tni s
are among those in which attention effects were l ower co ,levelop.

Much of the data relevant to attentiori-sni t tinr spe( d hjs oeei,-
obtained in the context of a "movin 'PCtl i ilit Vi ew ') f i ti'! 1 .fon
Shulman, t;,, ol t (,ti ,,and McLean (1979) prfsented evidence t hat when

"I:-



attention is shifted from one visual location to another, it iioves in an
analog fashion over the intervening points in the visual field, like a
moving spotlight. Tsal (1983) atternpted to infer the speed of this
hypothetical analog attention-shifting process using a target-area cue.
He arrived at an estimate of 8 milliseconds per degree of visual angle
traversed. However Remington and Pierce (1984), using a foveal cue,
claimed that the latency of attention effects does not depend on the
distance traveled by the shift. Finally, Reeves and Sperling (in press)
proposed a model of attention that does not include an analog shift
component. In their model, an "attention gate" opens up over time at the
to-be-attended location. In the experiments from which tois iiodel was
derived, the latency of attention snifts to a complex foveal cue was found
to be relatively long (200 to 400 milliseconds).

At least two factors complicate attempts to measure the latency of
attention effects on forti discrimination. One is the aforementioned
latency difference between target-area and foveal cues. Jonides (1981)
showed that foveal and target-ared cues also differ in the degree to which
they automatically elicit attention shifts. Target-area cues do not
interfere with a concurrent iemory task as foveal cues do, and they affect
performance even when they are not helpful and subjects are trying to
ignore them. All of these results raise the possibility that the rapid
target-area cue effect is either mediated by a very specialized
attentional mechanism or is not an attentional effect at Ull. For
example, target-area cue effects might be due to lateral masking, or to
residual activity in peripheral visual channels. On tile other hand, the
long latency of foveally cued attention shifts might simply be due to the
time required to interpret the cue and determine where to direct
attention. The process of actually changing the locus of attention, and
its subsequent effects on fon.i discrii.ination, oight oe the same for uoth
cue types.

The first two of the pre sent experi ents .;ere directed in pirt coward
resolving this issue. The time courses of attention effects resulting
fro. both kinds of cues waere neasured and coiiparu l. The result 4as that
the major differences in tine course due to cue type iere nearly
eliminated iy extensive practice ;ith thu fovual cue. ie reiai ni ng
difference in tie latency of dttention effects i s probably due to a srnal 1
Ii fference in the tine repil reI tu i nterp ret a ruv2,oal arro, caU v,rsus a
tdrget-drea ilash.

A second obstacle to deterlilini,g the teilporal Ciaracteristics of
attention effects on form discriiiination is that forw dis c ri;iination
itself takes time. In the task of ,letectin luinake increnent, tih
target is typically presented for S :iilliseconds or 1iuss, v iereas foriml
discrimination usually requirus tnojt 1he Lnrget he preisent For tens of
mi 11 i seconds. This presents a potential prubl em. Sould one assui.ie that
the time ivailable for attenti on .,i fti og is Lie ti 'w' be ,deen toe onset o

the cue and the onset of the tar'yjt. jr t:e tine between the onset of the
cue and the offset of the tarc'et? ince sorwe of the tine that to;e targe.t

-Td be use d for attntion shifting, a latency derive

f roi i the typical practice o l oti,;,- ,.erforn)ance j s a functioil of
cue-target onset asynchrony coal 1w ,i (,rins unierestirate." *i
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The second and titird experiments examined this issue by 'iisuring tlhe

time course of attention effects for varying target durations. The
results were compared to predictions jased on the assuitiption that tin.

latency of the first measurable attention effects on form discrimination
is relatively long (greater than 10U mi lliseconds including stihiulu S
presentation time). These predictions were not confirmed; the data show
that attention effects begin very quickly at the target location. 4
Furthenore, it appears that attention can increase the rate at wnich
infonaation is extracted from a stimulus. Tiis latter result led to tie %
development of a mlodel of the temporal aspects of internal attention
effects.

II. EXPERIHlENT I1 TIjL T 1 COWSl OF ATTL1JTIOW LFFECTS FOR FOVEAL VS.
TAW;r T-AREA CUES

In this experinent, the effects of internal attention shifts on the
discrimination of T-like target figures were assessed using a paradigo.i
that combines some elements of experiments cited earlier by Posner (196u),
Remington (1980), and Bashinski and Bachrach (1980). A cue directed
attention to the location of a target figure. The time et wen cue onset
and target onset (i.e., the tiile available to snift one's attention before
the target arrived) was varied. This time will henceforth oe called the
"cue-target onset asyncnrony (COA)."

If attention can indeed he tioved to the target location (luring thlt
CTOA, and if it can im, prove form discri!lination accuracy, tiien the
proportion of correct discriminations should increase as mlore time is
allowed to shift attention. Plotting perfonance as a function of CTOA
yields a time course of attention effects.

Of particular interest in Experiwent 1 was a co11parison of the tine
courses obtained with foveal cues and target-area cues. Differeie , in %
latency obtained with these cue types are theoretically important for two
reasons: (a) the afore;ientioned possibility that the target-area cue
effect may not be an attentional effect at all, and (b) the notion ttat
the target-area cue may not )e representative of how attenLion is noralily
directed. During a siigle fixation of a real scent, one's attention is
seldom driven by a series of ahruptly appearing n eripherul (.ues. it is
therefore possible that the foveal cue is more characteristic of the way
internal attention shifts arc normally initiated. One vi iht then conc1ude
from the existing data that toveally cued attention siifts would be too
slow to be involved in the ;i n'1 of object perception operations posited by
Treisman, Ullman, and others. However, ost of the existing experironts
used detection tasks and reaction time mieasures. !Jo ex;)oric:ent 'ias used
form discrimination accuracy to compare tihe time course of attention.
effects for toe two cue types; so, it was nussary to d,,ter,,ine vhetner a
large latency difference exists under tn s(, conlitions. .

Method

Observers. T hree ohserver's ( t.~o t ciij IS, p %,d)w nOi

vision were tested. lone hu 1 rt i i atd i n siii 1 r (pAer i ioent s I(-fr .f

9.'



All 'were paid $7/nour plus a Small Donus for .orrect responses independent
of condition.

Apparatus. Stimuli were presented on an Ailduk Thu-A vidieo nonitor
controlled by an International Business Machines personal computer
(IBi,1-P(.) using a non-interlaced 60 Hz frame rate. 1he phicsphor was P-31,
which decays to 10O, of initial rddiant enorgjy in 40 Microseconos. The
luminance of the stimuli was 26.4 cd/ii-- d111 triey were li ;K ayed on a
dirk surround. The ri ght eye of edam o)ervc2r ias '10 .1 tCk21 aSi n Ij -
standard video camera with zoom lens ind a separcite displday imonitor.
Adjustable head and chin rests were ju,. iai ntai n m-jid posi tion "9..

''the stimuli.

stimul i. Each of f our tarjet st~ P"li~~j~ 1 ~1.i
p1 .s sign with one of its arigs rem:oved to ,ie 1 d a T-I ike fijurt . Th~e ;
folloe The ou *er contours of i p1 as si gn ( see Fi gut ' ) . Thf .j,- ;al
stinu I i were 1 ight-on-dark ,thouyni tic-i r depi ti r. i n t h r t jr I S
d a rk- 1- i ghI t.

UNTiL
I HESPONSE

FOVEAL 
CUEJSOR T(RGETS

mfl 150 OR 84 MSEC

BLANK CTOA
iNTERVAL 34-300 MSEC

17-283 MSEC

TARGET AREA CUE
17 MSEC

FIXATION POINT
668 MSEC

FI -Jj),C'E J. SCqjf. V(ID ts on ILach *ri '1 LXpoti'iA1 I 1

Proccuiure. Fi gUc Ivmd tile Stell00e I evenits for' ca'd(
eXpcriioleftaF -trial . Fil r'I, d -)~dI 1 f 1A~tiOn (10t WC','f~i~tW1dl '

nil'Oiseconds in the center uf' tuie oisply. Thie doit t~ler di sappcedudan
ci t ttne sa, e t i!nn, a cuie appea re ( to0 tul 1 Tle .)DserVu. ahi ' ' tar 9et
location would contain tile relevant targjet. In tile target-arca c-ut
c ondi ti on, a G. b-degree square was presented ei thcr 4 o)r 7 degreus 1)tl'
right, left, above, or !hel ok the fiXation poi nt. Titi squar~e was the Low



to the location of the relevant target. In the foveal cue condition, a
0.5-degree arrow was presented at the fixation point. The arrow pointed
either left, right, up, or down. Both target-area and foveal cues were
displayed for one video frame (17 msec). There followed a blank interval
that varied in duration between 17 and 283 it;sec. The sum of the
(constant) cue duration and the blank-interval duration is the CTOA. On
each trial, one of 10 CTOAs was randomly selected (34, 50, 67, 84, 117,
134, 167, 200, 267, or 300 msec).

Following the blank interval, four target stinuli were presented, to
the right, left, above, and oelow fixation. All targets were presented
either 3 or u degrees from the fixation point. The target to be presented
at each location on a given trial was randomly selected, with replacement
from tne set of four T-like figures descriued above. Stimuli reiainee
illuminated for either 50 or 84 milliseconds and then were wasked. The
masks remained in place until tne observer had decided which stimulus nad
been presented in the cued location and had indicated his or her decision
by depressing one of the four arrow keys on the IBM-PC numieric keyboard.
When a response was made, the observer was presented with feedback as to
its correctness, and the next trial was initiated.

Observers were instructed to maintain fixation in the center of the
display. They were informed when significant eye movements occurred,
although stimulus presentation was too rapid to allow a saccade to tie
target. Thus, eye movements could only diminish performa:nce through
saccadic suppression.

The experiment consisted of eight 1-hour sessions. Each session
consisted of five blocks of 100 trials each. Within a block, the same
target eccentricity, target duration, and type of cue were used. rhe
order of presentation of the resulting eight conditions was
counterbalanced.

Pretraininj. Prior to their participation in the experi,;lents, all
observers were pretrained on foveal identification of the four possible
targets. On each pretraining trial, one of the four possible targets qvas
presented foveally for a duration w4hichi vdried according to thc observer' s
performance on the previous trial. If the previous trial 'Vas correct, i
counter was decremented. When the decrement totaled 17, tiie stirrulus
duration was reduced by one video frame (17 reset). I,- the preceding trial
was incorrect, the counter was incremented. The size of the increi;ienlt and
decrement was controlled so that overall proportion correct ,iould be as
close to 0.625 as possible. Tnis proportion represents 50. correct
discrimination when corrected for guessing.

Immediately following the presentation of the target, tie I1ldsk was
presented, and the observer decided which target had appedred. Following

- the observer's response on the computer keyboard, the valune ot the counter
representing stii;iulus duration was displayed. Observers were told th at
this number would get sialler if their answer was correk t amd lariger it it
was incorrect, and that they should try to ohtai n as sinacll a nuViK1r dS
possible. Observers were pretrained on 1,gbU tdrgut identification tridls
before starting the experiments. Previous data indicated that tilis wa
sufficient practice for performance to asyim pt,'te.

'6"
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The cri tical 3spoct of the~ dadta "I juOO 2 s thie effe(.t Of c'Lyp(
on performance. Furc the taryet-,Ai '<ci ci. C efec(tS Of attentionl Were-
present after a CIQ0A of only jbo !mjlls) sqhereas for the f ovcufI *u.,-
effects were much slower to de vel op. ei' was no clear effect of
increasing CTOA in ,.ie fovof l cu( ,on -)n iw,_fore aoout 1 bU iskc.
Consequently, average proinurtiofl curr- 4as Si'jni ficanltly nigher for- tIle%
tar get-area cues tHli for _ii, toveal ( .47 vs. .38, x2Ll ] =0 :%.
p - .001 ). Thus, the ,resul ts jre to!, int 'iiti tiiose obtai ned for-
l u-minadnc e i nc reme nt det ec t io n, i n t ha j i te n cy o f a tte nt i on ef ftc t s
appears to o(,::lu', i r m i toi t- -2a cues than with thc fcv'.,sl
CUPS. In aud tion, the_ data 0iow 0 . )r ' target-area cues,
performanc-, was a' iot 3 illiseconis, wher-,-si~
the foveal c-uesr, a 'lrir iS"~ o at -- ache1 within the ran __ of the_
CT0/~s sarliplc-i.

It is evidnt froli tr- exper t -_ the_ time(- Courses, Of dtteltiofl
effects differ for the tw(! 1 'por Is. it is possible2 thdt the aCtilal
operati on of sifti r~j att !) ion for L)otn cue typles; however,
detert~ii ning where to) alti- td , jc e th the foveal csue. Th s cool d
oCcJOu biecai se the rulat j t ) q f fovea 1 ce Ua )rid the e' or t V Is
l _, t i o n sobe a t toIen s 1) 1 "d thus the -bcatol %

1 wti i u I e )us1 ry =ac h t ri alI. Onie ay to a s e,(2s
tUn s possibil ity i s to e tie At si irse of a ttention si ft Ljf tcr
I eq amounts of prac ti ti CC ulS . if shi fts) that ar,, c-urd
foveal ly are slower only at, ist be interpreted, tiilel,
dlItir)(1 tli s pr'cl 55 h o. a I~ d re(2sul It ini i.i jh f a ter 1
fove-ally cuedj shifts.

I. EXP E P !1ENIT 2:L (Ji PRACTICE AND FARSET LUIATiuiJ.

ni s experim-,ent was dA eteri t~ie whether extensi ve practice
rnar'Ke'il v alters the tubi cou? )veal ly cuetc attention shi fts, as
would be expected under thec hy __esi s thait tne differences found iii
Expe(,ri Ment 1 a rp due to d i f f e rnce-s jin tfie speed o f i iite rp r(2i ilq toe r .
If tne latency anid magni tune of foveal ly cued shi fts can [Oe brought in oh
the range o f those f ound ai th toeC pe r Ic Dhral cue, taron i t ouu (1< r
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(above or below the fixation point) and at only the 6-degree eccentricity.
A target duration of 84 rsec was used for the first 4,0U0 trials. For the
final 3,500 trials, the target duration ,vas 50 milliseconds.

During practice, toe CTOA was varied on a trial-by-trial basis using
the same adaptive procedure that ;ias used for varying stimulus duration
during the pretraining phase of Experiment 1. Again, a counter that
represented CTOA was decremented after a correct response and incremented
after an incorrect response, and observers attempted to minimize the
counter value. The initial value of toe counter as 200, which
represented a CTOA of 234 milliseconds.

Results and Discussion

As in Experiment 1, discrimination perfonnance increased significantly
with increasing CTOAs for both foveal and target-area cues (target-area:
x2 [9] = 56.6, p ' .001; foveal x 2 Lj= 27.7, p .005). However,
extensive practice substantially changed tle diflerences found in
Experiment 1 between foveal and tdrget-area cues. In fact, practice
completely eliminated the effect of _ue type on average proportion correct
(target-area--.65, foveal--.64, x2[l, = .34, p -.25). Figure 3 shows
the relationship between LTOA lerigtr, and perfornance for both cue types in
both experiments. In Experiment I, the CTOA at which a particular
proportion correct was reached was roughly 15U milliseconds longer for
foveal cues than for target-area cues. In Experiment 2, this difference
was 25 to 50 milliseconds. Some difference between the two conditions
would be expected even after practice beCduse use of tne foveal cue would
still require the retrieval of the to-be-attended location from memory.
fut there is no longer jiuch reason to suspect that the time courses
associated with the two cues reflect totally different phenoi.iena.

As in [xperi;e,it 1 , toicre ,)s no si gni t i cant effect of target
eccentricity for either cue type (tdr let-area: x2 LIj = 2.86, p .05;
fovcal : x"[11 = 1.68, p .1). Hooever, toe stimul us durdtion effect
wis significant for bothi cue typecS (tarqet-area x2Ll] 31.8,
p. .001; foval: x2  LlJ = ll.6, p) .UI). This finding is discussed
further be-low.

Anotoer issue .is t;Ie generality of the observed [,rdcti -e uffects.
The overall proportion of correct responses i,,proved yreatly with practice
for both cu.ie types (taryet-ared: x 2Lij = 7.6, p .001; foVal •

X-Ll] :- 12J.6, p< .001). The'u wis also si]O i at iiprov it
Cp .01) for alt target direc.tions, duratiotri, 11.1 ecLcntricities. NJone
of tiie interactioris between ti!Se v.riaoles ond i tjs significarit.

• ' luere .qas, ho'.4;ver, a significtnt interactioun Ocitwe. p, ra( tice and cue
type ( X2 LII = 6. )4, p- .UU1), ec. usc p forr a.icr ip)oveieeits i tfl
practice ,ere not con fined to tn( parti(_uldr i It dire.tien,
eccentrici Ly, or cot 'ypo t;hat .js practcc i 1cr, pr tirt e oust rave i ,ip rovei
ei tier the speed uf ' r tin'j VteAn( i, i t,l f or, :ore l iflely, eArc/eeus
aspects of the task. low: , tm ii it i it inturaction , tween cu(
type ind practiLe indicates t1at there Wis a coiipnnent of pructiCe 't fu t.
t'lt was specific to (.'ue; ty;,(', ii;i res. it woul d oe expeccud if one ti
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Figure 3. Proportion Correct as a Function of CTOA for Both
Foveal and Target-Area Cues, Experiments 1 and 2.

the effects of practice was to strengthen the association between the
foveal cue and the to-be-attended location.

Given the main results of this experiment, it see,,is reasonable to

assume that both foveal and target-area cues can initiate a shift of
internal attention to a new target location. We now return to the
original question that motivated the research: How quickly can such an
attention shift begin to affect form discrimination?

Suppose that the data from the target-drea cue condition of
Experiment 2 reflect the time course of a change in internal attention
locus. Based on these data, as shown in Figure 3, it is clear that an
improvement in performance occurs between 34 and 50 milliseconds. This

could be interpreted to mean that the latency of attention effects is less
than 50 milliseconds. Considering that it must take some tiwe to detect
and localize the cue, these datd might be thought to imply thdt changing
attentional locus is a very rapid process; but there is a problem with
such an interpretation.

The problem may be illustrated by considering a model in which

attention acts like a "shutter" that does not open until 100 milliseconds
after the onset of the cue. Suppose that the duration of the target is bO
milliseconds. If the CTOA is 34 milliseconds, then the total time from

9
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the onset of the cue to the onset r1 te iask is 84 milliseconds. Thus,
the shutter will not have opened nen the mask appears, and performance
will be at baseline. With a CTOA of 67 milliseconds, however, the CTOA
plus target duration is 117 msec; so, the shutter will have been open for
17 milliseconds before the lask appears. A CTOA of S4 iiilliseconids means
that the target would be in view for 34 milliseconds uefore being masKed,
and so on. Under these conditions, performance would asyiiptote at a CTOA
of 100 milliseconds, since tne shutter would open in tinie to reveal the
target for its entire duration. This is, in fact, approximately the
point at which the target-area data for Experiment 2 reached asymptote.

This simple model shows that increases in perfori,-ance w4ith simall
CTOAs do not necessarily imply very raoii attntion shifts. The shutter
model is merely an illustrative device, out the samie con:iderations -.would
hold for a model in which 100 msec or more wiere required for the fuous of
attention to shift across visual space, arrive at the target, and thus
begin to affect performance. Notning in the nuta as analyzed so far rules
out this possibility. However, the shutter model implics that varying the
duration of the target should mdrkedly affect the observed tine course of
attention effects. Specifically, as target duration is reduc,21, loiger
CTOAs are required before the effects of attention begin to appear.
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Figure 4 shows hypothetical data that illustrate this effect, again
assuming that attention operates like a shutter that opens 100 msec after
the cue. The two curves in the figure were computed for the two target
durations (50 msec and 84 msec) of Experiments 1 and 2, using the equation:

Proportion Correct = ((TD + CTOA) - 100) * .0045 + .35 (1)

where TD denotes target duration, and the quantity ((TD+CTOA)-l00) has a
maximum value of TD and a minimum value of zero. The relative ,eight of
each point depends on the length of time that the target remains visible
after the hypothetical shutter opens. As the figure shows, varying the
duration of the target does not affect the point at which the curve
asymptotes, but does affect the point at which it starts to rise. After
the curves begin to rise, they are parallel.

50 uSEC

----S- 84 MSEC

LaJ

0U,, /
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00

C ..4

.2 +-
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CUE-TARGET ONSET ASYNCHRONY

Figure 5. Proportion Correct as a Function of CTGA for 50 and 84
msec Target Durations. Data are from the target-area
cue condition of Experiment 2.

Figure 5 shows the target-area cue data from Experiment 2 plotted -

separately for each of the two target durations. Some aspects of these
results do not match the hypotnetical shutter model predictions of Figure
4. First, the experimental curves both appear to rise at the same point;
there is no indication that the 5U-msec curve rises later. Second, the
curves do not appear to asymptote at the same CTOA; the 84-msec curve
appears to asymptote earlier. Third, the 84-msec curve appears to rise
more steeply.
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To summarize the foregoing analysis: The fact that attention effects
appear at short CTOAs does not rule out models in which attention has a
long latency, since attention may shift during target presentation.
However, when tne data for two different target durations were compared,
some predictions of a long-latency model (i.e., effects beginning at
different CTOAs and reaching asymptote at the same CTOA) were not
confirmed. Because these results are critical for making distinctions
between long- and short-latency models, it was necessary to attempt to
replicate them in a larger experiment.

IV. EXPERIMENT 3: EFFECT OF VARYING TARGET DURATION:
A TEST OF LONG-LATENCY IIODELS

In order to reconcile long latencies for attention shifts with the
observed increase in discrimination performance at small CTOAs, it must be

-' assumed that attention continues to shift to the target location while the
target is being presented. Thus, if the target duration is reduced, a
correspondingly larger CTOA should be required to produce a rise in
discrimination performance. Short-latency models, nowever, would predict

C that performance rises at small CTOAs regardless of the target duration.

In this experiment, a 34-msec target-duration condition was
investigated, along with the 50-msec and 84-msec conditions used in
Experiments 1 and 2. Smaller CTOAs were used, CTOAs were sarpled iore
densely, and the number of experimental trials per observer was increased
from 2,000 to 7,000.

Method

Observers. Three female observers with nori;lal or corrected-to-normdl
v'sion were each tested for 11 sessions of approximately 1 hour each.
None of the observers had participated in Experiiiients 1 and ?. Two of
them, however, had participated in similar experiments. They were paid
$7/hour plus a small bonus for correct responses independent of
condition. The third observer was a staff mei~iber who received no
compensation beyond her regular salary.

Apparatus. Stimuli were presented on an IBM Enhanced Color Monitor
and controlled by an IBfl-PC/XT containing an Enhanced Graphics Adapter.
Decay times for the phosphors (P-22-B, P-22-G, and P-22-R) were less than
1 ,sec. Stimuli were presented on a dark background. Their luminance was
13.7 cd/m 2 . As in Experiments 1 and 2, eye position was munitored using
a video camera with zoom lens, and a separate display monitor. Adjustaule
head and chin rests were used to taiintain head position.

Stimuli. Stimuli and masks were the same dS those used in
Experiments 1 and 2; however, the pixel density was increased froii 04' to
112 pixels per character.

Procedure. Tiie experimental procedure was the sane is in Lxprimints

and ,with-the following exceptions; (a) Te fixation puiit rei.iinc~d
illumiinated during the entire experimeutal trial. (b) The experirnt used

.p.
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13 CTOAs (16.7 to 217 msec in 16.7-msec steps), three target durations

(34, 50, and 84 msec), one eccentricity (6 degrees), and one cue type
(target-area). (c) Seven experimental sessions and one practice session
of 1,000 trials each were run. (d) A full-attention target discrimination
session was run once prior to the practice and experimental sessions, and
twice after their conclusion. The purpose of these sessions was to obtain
an estimate of the rate at which target discrimination performance improves
with presentation duration, under optimal (foveal, full-attention)
conditions, for the target set used in the experiment.

In the full-attention sessions, a fixation point was presented for
668 msec at the center of the display. It was then replaced by one of the
four T-like target figures, which remained on the screen for a randomly
selected duration before being replaced by the mask. The observer then
indicated with a keypress which one of the four targets had appeared. The
six possible target durations ranged from 16.7 to 100 r.iilliseconds in
16.7-millisecond intervals.

Results and Discussion

1 -e.- 34 MSEC
0 50 MSEC

-9--- 64 MSEC
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Figure 6. Proportion of Correct Discriminations as a Function
of CTOA for Target Durations of 34, 50, and d4 msec,
Experiment 3.

Figure 6 shows discrimination performance in thie experimental sessions
as a function of CTOA for all three target durations. Several facts are
evident from this figure, in addition to the expected significant effect
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of target duration on average performance (x 2 ?2j = 677.2, p .001).
First, for each target duration, there was a significant increase in
performance between CTOAs of 17 and 34 msec (84-resec TD: x?[l] 16.6,
p< .001; 50-msec TD: x 2 [l j = 9.8, p ' .U05; j4-insec ID: x dli
7.7, p < .01). This is-clear evidence dgainst a long-latency model, since
such a model would predict that the shorter the target duration, the
longer the CTOA required tu show an initial rise in perforiance.
Moreover, the fast-rising parts oF J,, curves were not parallel (5U-34
msec: x2[3J = 35.1; 84-50 msec: x,'L3] 21.5; 84-34 msec: X,31
27.5; all p,. .001). As target duration in(. -raed, the steeper the slope
of the curve became, and the earlier the asymptote was reached.

Thus, all of the results suggested by the target-duration coiiparisons
in Experiment 2 were observed in this experiment, including tfiose that
argue against a long-latency model. In particular, the significant
performance improvement observed between CTOAs of i7 and 34 msec for a
34-msec target duration indicates that attention is beginning to affect
performance within 68 msec of cue onset.

The results also indicate how long attention effects last. (urves
for longer target durations asymptote at correspondingly shorter CTUAs;
that is, all curves asymptote at about the same total time since cue
onset. This implies that attention effects contnue-t6 build up during
target presentation at about the saiie rate as they do during the cue-
target interval. An estimate of the duration of this buildup can be
obtained by plotting average performance as a Function of CTUA plus target
duration (Figure 7). The figure shows that attention effects cease
120-150 msec after cue onset.

Finally, the results suggest that dttention moderates toe
relationship between target duration and discrimiiiation performance.
Figure 8 shows proportion correct as a function of target duration, with
CTOA as a parameter. Only data from the first six CTOAs (the ones that
account for virtually all of the ooserved attention effects) are shown.
As CTOA increases, there is a systematic increase in the slope of tne
initial segment of the lines, the part that represents an increase in
target duration from 34 to 5u resec. (The 84-o:isec tdrget duration is not
included in the slope because performance is at asymptote for LTUAs over
50 msec.) For example, the slope obtained with a cTOA of lou iisec (0017)
is nearly triple that observed with a LTOA of I/ msec (0.006). ThiS
effect was highly significant in tthe overall data (x 2 L =
p,' .001) and for each of the three observers (observer 1: x2 L] .
79.9, p < .OUI; observer Z: x2 L ] 19.3, p .005; observer j:
x215j - 34.0, p .001). A possiole interpretation is that focusiog
spatial attention on the target location increases the rate at which
information is extracted frori the target.

Tnis interpretation is further supported by tne observdtion that the
slope increase is not simply d consequence of better asyviptutic perforIWnce
at longer CTOAs. Examination of the top three lines uf Figure 0" shows
that even though asymptotic perfor.ance is similar in all three, it is
reached sooner for the lines representing longer LTOAs. idence, if the
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Figure 7. Proportion of Lorrect Discriminations as d Function of
Total Time Available to Shift Attention (CTOA Plus
Target Duration), Experimient 3. Points on the curve

are averages over all three target durations (34, 50,
and 84 risec), except for the first point, which
necessarily contains only data from the 3'-msec target
duration, ano the second point, which contains only
data froi, the 34-osec and 50-msec target durations.

effect of increasing target duration is to allow more infonrmation to be
extracted from the target, then the effect of attending internally to the
target is to speed up this extraction process.

If this interpretation is correct, then the full-attention condition
that was run before and after the experimental trials should show a -.

target-duration effect that is at least as steep as that obtained for the
l00-msec CTOA trials in Figure 8. Figure 9 shows performance in the three

full-attention condition sessions. There is a large pre/post effect on
the slope of these curves (x2 L3j = 87.5, p .001). Nevertheless, it is
clear from tle post-experiment data that a very steep tdrget-duration
effect is observed, just as it was in the long-CTOA data of Figure 8,
since in both ats t.it w u(l tUusrd on the target area when the
target appeared.
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Figure 8. Proportion of Correct Discriminations as a Function
of Target Duration, with CTOA as a Parameter. This
is a replotting of the data from the fast-rising
parts of the curves in Figure 6. It shows that the
initial slope of the target-duration effect
increases with CTOA.

To summarize, the results of Experiment 3 indicate that: (a) Effects
of attention begin at the target location in less than 68 milliseconds,
perhaps much less. (b) Attention effects continue until 120-150 risec
after the presentation of the cue, regardless of target duration; they are
not terminated by the presentdtion of the target. (c) Attention increases
the rate at which information is extracted from the target.

In order to obtain more precise estimates of the latency and duration
of attention effects, the results were formalized as a quantitative
model. Let L denote the number of milliseconds after cue onset at whicn
attention effects begin, and M denote the time at which they end; then,
the time during which attention is having an effect on the infoniiation in
the cued location is:

Attention Duration (AD) = min ( M, (TD + CTOA)) - L. (2)

If attention increases the rate of information extraction from the
target, then performance should be a multiplicative function of attention
duration and target duration; that is:
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Figure 9. Proportion Correct as a Function of Target Duration in
the Full-Attention Condition, Experiment 3.

Proportion Correct = AD * TD * B + C (3)

where B and C are -,lope and intercept constants.

This four-parameter model fits the data from the 34-msec and 50-msec
target durations quite well. When the model was fit to the first eight
points of the 34-msec and 50-msec data (to avoid including the down-
drifting presumably caused by occasional eye movements), the resulting
parameter values were L = 22, M = 122, b = .000119, and c = .18. Thus,
the best model fit was obtained with an attention latency estimate of 22
msec. The model closely reproduces the systematic increase in the slope
of the target-duration effect with increasing CTOAs (Figure 8) and the
cessation of attention effects after about 120 milliseconds (Figure 7).

In order to account for the data from the 84-msec target duration
condition, one change in the model was required. Data from the full-
attention condition (Figure 9) indicated that discrimination performance
asymptotes at a target duration of between 50 and 67 milliseconds.
Therefore, the actual target duration of 84 msec was replaced in Equations
2 and 3 with a new parameter representing asymptotic target duration.
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The resulting model was fit to the data for all three target
durations. The values given above for the original four parameters were
fixed; only the new asymptotic target-duration parameter ,4as allowed to
vary. The value of this param-neter was thus estimated to be 62, which is
within the range indicated by the data from the full-attention condition.
Figure 10 shows the fit of this model to the data from all target
durations. It is clear that the parameter values that fit the data from
the shorter durations also fit the 84-msec data quite well, once tie
asymptote in target-duration effects is taken into account.
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Figure 10. Comparison of Predicted and Actual Proportion of
Correct Responses for Target Durations of 34, 50,
and 84 msec, Experiment 3. Solid Lines are the
predictions obtained via Equations 2 and 3 (see
text).

V. GENERAL DISCUSSiON

The purpose of these experiments was to determine how quickly shifts
of internal visual attention can affect form perception. Previous
research in which a brief change in luminance was used as a target had
shown that when attention was cued by the onset of a stimulus in Lhe
target area, attention effects were evident much sooner after cue presen-
tation than was the case when cues presented at fixation were ased (Posner,
1980: Posner & Cohen, 1984; Remington 1980; Remington & Pierce, 1984).



Experiment 1 replicated this effect for a form discrimination task,
and Experiment 2 showed that the difference in attentional latency between
foveal and target-area cues could be largely eliminated with practice.
This latter result argues against certain non-attentional explanations of
tile target-area cue effect (such as masking). Experiment 2 also uncovered
several differences between the time course of attention effects for
different target durations. These differences were observed again in
Experiment 3, where it was also shown that (a) the latency of attention
effects is less than 68 msec, (b) attention effects continue to build up
during the presentation of the target but cease at 120-150 msec after the
cue, and (c) attention increases tile rate at which target presentation
time improves discrimi ;,tion performance. A quantitative model incor-
porating these findings was successful in accounting for the observed
effects of CTOA and target duration.

Attention Latency and Perception

These results have important implications for the general question

posed in the introduction; namely, are internal shifts of attentional
focus fast enough to be involved in constructing the visual percept?

Under optimal conditions in these experiments, the latency of
attention effects was estimated to be under 50 msec, even considering the
possibility that attention could shift during the presentation of the
target. Studies of attention effects on detection of luminance increments
using reaction time to tdrget-area cues as the dependent variable have
also reported the existence of attention effects witoin 'U Hilliseconds of
cue onset (Posner, 1980). Since this time presumably includes the time to
process the cue to shift attention, and perhaps other operations as well,
the actual time required for the focus of attention to change is clearly
fast enough to allow a serial process to select many different processing
locations during a single fixation.

However, there remain at least two possiole objections to the idea
that rapid internal attention-shifts underlie some aspects of perceptual
processing. One is that even if a new attended location can be selected

in a few milliseconds, perceptual processing at the new location will
surely take much :iore time. If such processing requires attention, then
fewer shifts of processing focus will be possible within a typical
fixation. In tile present experiments, for exa:ple, attention continued to
affect performance for at least 120 milliseconds. Thus, for the present
task, at most only two or thiree discriminations requiring full attention
could be performed during a fixdtion. ,loreover, it might be possible to
lengthen the time for which attention will affect processing (M-L) Dy
increasing the amount of inforiation that has to be extracted from the
target.

The operations for which Treisilan and Gelade (198U) and Ullman (1984) -

suggested a serial attention mechanism--operations such as feature
conjunction or boundary tracing--iay not require anything like a full
accumulation of attention effects. g'loreover, one ccn easily imagine a
system in which computations are started in serial fashion at various
index points, but the selection of each new index point does not depend on
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the completion of the computation started at the preceding point. In such
a system, the important parameter would indeed be the latency of the
indexing operation.

A second possible objection rests solely on observer introspection.
In experiments such as those reported here, the observer has the distinct
impression that at least small amounts of time and effort are being used
in focusing attention on the cued region. Yet, elsewhere, the perception
of complex scenes--which c.ust result from many, perhaps dozens of succes-
sive attention shifts--seems effortless. Of course there are many
possible answers to an objection like this, but one such answer is that
the feeling of conscious effort is tied to the accumulation of attention
effects. It may be that merely changing the locus of processing is not

. effortful; and if perceptual operations such as boundary tracing o:, fe-ature
conjunction are toen performed, one will not be conscious of the.
However, if one attempts to enhance vision at a location by focusing
attention on it, then this buildup of attention effects will De found to
be effortful.

Components of Attention

Implicit in the foregoing discussion is a strong separation uetween
(a) the changing of the locus of visual processing, whether it be for the
purpose of attending to a location or performing some other coinpUtation,
and (b) the enhancement of vision when attention has been focused on a
location.

This distinction has been discussed at somie length by Posner, WalKer,

Friedrich, and Rafal (1964). They proposed that there are actually three

components to a change in the focus of internal attention: First, atten-
tion must be disengaged froi its current focus; then the focus of attention
is moved across visual space; and, finally, the effccts of dttention build

-. up at the target location. These operdtions are called, respectively, the
"disengage," "move," and "engage" operations. Posner et al., argued that,

• , based on performance experiments using individuals with specific brain
damage, there is good evidence that these operations are localized in
different parts of the brain, and each operation takes a measurable amount
of time.

The model derived from the results of the present experiiiients illows
one to estimate separately the temporal characteristics of processes
responsible for shifting attention to the target location (perhaps the
disengage or riove operations) and processes that result in improved
perforwance once attention has arrived there (the engage operation).

In determining how quickly attention effects begin at a new location,
it seemed unnecessary to adopt a position concerning the nature of the
attention mechanism. None of the present findings appears to contradict 3

.- either a moving spotlight (Shuluan et al., 1979), zoom lens (EriKsfn
" Yeh, 1985), or gate opening (Reeves & Sperling, in press) view of attrtti on.

The present results do, however, shed some lignt on what ,iappens unce
attention reaches a location. Attention seems to increase the rate at
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which information from the target location accumulates, as reflected in an
increased proportion of correct discriminations. This rate increase is
not simply a reflection of better overall performance with increasing
attention. The data show that when sufficient time was allowed for
shifting attention, most of the useful target information was extracted
between 34 and 50 nsec, and performance increased little between 50 and 84
msec. However, when less shifting time was available, information was
still accumulating at the longer target durations.

Concl usion

These experiments give evidence that internal attention shifts are
fast enough to help construct the visual percept. Since attention can
apparently shift within a few milliseconds, it could possibly be used in
conjoining features of objects, localizing objects relative to one
another, and perhaps other fundamental aspects of perception.

The fact that it took roughly 120 msec for the effects of attention
to asymptote in the present experiments, and even longer in some other
experiments, does not necessarily mean that 120 m~sec is the time required
to change the location being attended. Rather, it is likely that riost of
this time represents an accumulation of the attentional effects necessary
to discriminate very similar and briefly presented peripheral targets.
The easier the discrimination that is required, t1he faster a given level
of performance could be reached.

In a real scene composed of relatively distinct objects, the amount
of attention required to conjoin the color and form of large objects might
be minimal. Thus, many rapid shifts could be executed in the short timfe
that it takes to perceive the main elements of such a scene.
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